Although productivity variations in coastal upwelling areas are mostly attributed to 16 changes in wind strength, productivity dynamics in the Benguela Upwelling System (BUS) is 17 less straightforward due to its complex atmospheric and hydrographic settings. In view of 18 these settings, past productivity variations in the BUS can be better investigated with 19 downcore sediments representing different productivity regimes. In this study, two sediment 20 cores retrieved at ca. 25º-26ºS in the BUS and representing different productivity regimes 21 were studied. By using micropaleontological, geochemical and temperature proxies measured 22 on core MD96-2098, recovered at 2,910 m water depth in the bathypelagic zone at 26°S off 23 Namibia, variations of filament front location, productivity and temperature in the central 24 BUS over the past 70 kyr were reconstructed. The comparison with newly-generated 25 alkenone-based sea-surface temperature (SST) and previously obtained data at site productivity and upwelling intensity in eastern boundary current systems are thought to be 37 primarily linked to the variability in wind stress, this multi-parameter reconstruction shows 38
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-8-~8 and ~43.5 cm kyr -1 (Fig. 2 ). SR remained above 10 cm kyr -1 for most of the studied period 165 and reached its highest values (44 cm kyr -1 ) between 520 and 250 cm (24-18 kyr) (Fig. 2) . 166
Depending on the sedimentation rates, sampling resulted in temporal resolution varying 167 between ~100 years and ~1000 years for diatom counts and bulk geochemical and isotope 168 analyses and between ~1000 years and ~3000 years for alkenone analyses. 169
The age model for core GeoB3606-1 has been published elsewhere . The 170 published conventional radiocarbon ( 14 C) ages for GeoB3606-1 were converted to calendar 171 ages, considering the ocean average of 400-yr reservoir age . Core 172
GeoB3606-1 was sampled every 5 cm, allowing analyses to be carried out at an average 173 sample interval ranging between 100 years and 250 years. 174 3.3. Diatoms 175
Sample preparation and census of valves 176
Diatom slides were prepared following the protocol by Rathburn et al. (1997) . 177
Identification and counts were performed using an Olympus BH2 photomicroscope (EPOC, 178 Talence, France) at x1000 magnification. Three coverslips per sample were examined. 179 Following the counting procedure described in Crosta and Koç (2007), a minimum of 300 180 valves per slide were identified and counted. Several traverses across each coverslip were 181 studied, depending on the valve abundance. Diatoms were identified to species or species 182 group level. Species identification mainly follows Sundström (1986) Coastal planktonic diatoms thrive in nutrient-rich coastal marine environments. This group, 208 which tracks high dissolved silica contents, non-upwelling conditions and low turbulence 209 waters, is composed at site MD96-2098 by several large and well silicified centric diatoms 210 such as Actinocyclus spp., Actinoptychus spp., Coscinodiscus spp., and the pennate 211
Fragilariopsis doliolus. 212
Upwelling diatoms thrive in surface waters with high dissolved silica concentrations and/or 213 high rate of nutrient replenishment to sustain blooming conditions. At site MD96-2098, this 214
-10-group is dominated by resting spores Chaetoceros spp. and Thalassionema nitzschioides var. 215 nitzschioides. These species are abundant in areas of coastal or front filament upwelling, 216 though they can also reach high abundances in eutrophic environments with suitable 217 concentrations of Si and Fe (Romero and Armand, 2010) . 218
Benthic diatoms occur attached to a substratum (rocks, sand, mudflats, macrophytes, etc.), 219 occur predominantly in shallow (< 50 m), marine to brackish waters of coastal marine zones 220 and river mouths, and track the transport from the coast and/or river mouth towards 221 hemipelagic and pelagic waters Romero and Armand, 2010 of 0.25% was used for all samples studied. Pellets (300 mg, 13 mm in diameter) were 232 prepared by pressing the mixture in a vacuum die, applying up to 8 tons cm-2 of compression. 233
The pellets were oven-dried for two days before data acquisition. IR spectra were recorded on 234 a Perkin-Elmer FT 16 PC spectrometer in the 4000-250 cm -2 energy range with a 2 cm -2 235 resolution. For each spectrum, 50 scans were cumulated. Absorbance was computed relative 236 to a blank (pure KBr pellet). To determine biogenic opal concentration, the area of the opal 237 absorbance peak was multiplied by its specific absorbance coefficient k of 0.205. 238
-11-Calcium carbonate (CaCO 3 ) measurements were performed applying a gasometric method. 239
Total organic carbon (TOC) measurements were performed on a LECO C-S 125 analyser at 240 EPOC (Talence, France) after treatment of the sediment with hydrochloric acid to remove 241 CaCO 3 . For both analyses, the precision was around 5%, expressed as the coefficient of 242 variation of replicate determinations. 243 3.5. Alkenone analyses and SST estimations 244
The SST estimates were based on alkenone measurements. Long-chain unsaturated ketones 245 for MD96-2098 were extracted and analysed by gas chromatography at EPOC, following the 246 methodology described by Villanueva and Grimalt (1997) . To determine past SST variations 247 for GeoB3606-1, alkenones were extracted from 1-2 g portions of freeze-dried and 248 homogenized sediment at MARUM (Bremen, Germany) following the procedure described 249
by Kim et al. (2002) . The extracts were analyzed by capillary gas chromatography using a gas 250 chromatograph (HP 5890A) equipped with a 60 m column (J&W DB1, 0.32 mm x 0.25 µm), 251 a split injector (1:10 split modus), and a flame ionization detector. Quantification of the 252 alkenone content was achieved using squalane as an internal standard. 253
The alkenone unsaturation index was calculated from = (C 37:2 )/(C 37:2 + C 37:3 ) as 254 defined by Prahl and Wakeham (1987) , where C 37:2 and C 37:3 are the di-and tri-unsaturated 255 (Fig. 3a) . 266
Minor peaks were observed at 52 kyr, 46-44 kyr, and 37,5-37 kyr. Lowest diatom AR (<0.4 x 267 10 9 valves g -2 kyr -1 ) occurred during the late MIS4, the MIS4/MIS3 transition, and from the 268 deglaciation until ca. 6 kyr. 269
The diatom assemblage preserved in core MD96-2098 was highly diverse (number of 270 species identified = ~40). The upwelling group (see 3.3.2.) dominated (>80 % of relative 271 contribution) the total assemblage from 70 kyr until ca. 17 kyr, when the most important 272 temporal switch in the species composition occurred (Fig. 4) . Two rapid decreases in relative 273 abundances of the upwelling group occurred at 60-57 kyr and 49-45 kyr. 274
Over the past 70 kyr, the contribution of pelagic-oligotrophic, benthic and coastal 275 planktonic diatoms followed an inverse pattern than that of upwelling diatoms: contribution of 276 the non-upwelling groups was high at 57-55 kyr and 52-48 kyr, and increased rapidly after 17 277 kyr into the mid Holocene. However, respective contributions showed different patterns 278 during the considered intervals. The pelagic-oligotrophic group was dominant between 17 kyr 279 and 10 kyr (deglaciation), while coastal planktonic diatoms were most abundant between 57-280 55 kyr and 52-48 kyr, and after 8 kyr until the late Holocene. Benthic diatoms were most 281 abundant between 13 kyr and 8 kyr. 3.4 wt. % and 21.7 wt. % (average = 10.7 wt. %) (Fig. 3c) The greatest contribution of opal 289 occurred between late MIS4 and early MIS3 (until ca. 42 kyr), and from mid MIS3 (37 kyr) 290 through the late deglaciation (ca. 11 kyr). The relative content of TOC ranged from 0.9 wt. % 291 to 6.2 wt. % (average = 4.2 wt. %) (Fig. 3d) The high-resolution U 37 K´ record of GeoB3606-1 showed that SSTs over the Lüderitz mid-306 slope were highly variable (range 12.0-18.1°C, average 14.9±1.5ºC), and recorded numerous 307 substantial shifts throughout the past 70 kyr (Fig. 3f) . The most prominent submillennial-scale 308 shift of ~1-2°C occurred between 70 kyr (late MIS4) and 45.5 kyr (mid MIS3). Lowest SST 309 for the entire study interval occurred between 45 kyr and 40 kyr, followed by a rapid warming 310 at 39-38 kyr. After the cooling at 37.5-34.5 kyr, submillennial-scale variations of SST 311 persisted. SST increased by 3ºC from 34 kyr until 28.5 kyr. During the LGM, the SST 312
Paleoevolution of the filament front off Namibia -Romero et al. We compared the records gained at the continental rise site MD96-2098 (water depth 2,910 318 m) with those previously generated at the nearby site GeoB3606-1 (water depth 1,785 m; 319 ). This comparison allowed us to address the relationship between the location 320 of the main diatom production centre in frontal waters of the Lüderitz filament and the 321 variability of upwelling intensity and Antarctic-derived Si at 25º-26ºS off Namibia over the 322 past 70 kyr. 323
Longitudinal expansions and contractions of the Lüderitz filament 324
Based on the knowledge that present-day primary productivity is enhanced at the filament 325 front off Lüderitz and that frontal productivity forms a significant proportion of the total 326 productivity of an upwelling cell (see above Section 2.), we argue that late Quaternary 327 variations in productivity recorded in our sedimentary records allowed us to reconstruct past 328 shifts in the front position. We propose that the seaward-shoreward (i.e. westward-eastward) 329 migrations of the Lüderitz filament front at 25º-26ºS occurred in four main phases as 330 described below (Fig. 5) . than at site GeoB3606-1 (Fig. 3) suggested less intense upwelling and lower productivity in 335 deeper pelagic waters than over the mid-slope off Lüderitz. Although the synchronous 336 occurrence of upwelling over a large geographical area off Lüderitz is evidenced by the 337 Paleoevolution of the filament front off Namibia -Romero et al.
-15-dominance of upwelling diatoms at both sites (Fig. 4) , upwelling was more intense over site 338
GeoB3606-1 than in waters overlying site MD96-2098. We primarily attribute the differences 339 in siliceous primary paleoproductivity between the studied sites to the location of the 340 outermost border of the Lüderitz filament, which was located closer to 13ºE (GeoB3606-1) 341 than to 12ºE (MD96-2098) until around 44 kyr. Secondarily, the input of Si-rich waters above 342 site GeoB3606-1 determined the highs and lows of diatom production. 343
Phase 2 (mid to late MIS 3, 44-31 kyr) -Seaward displacement of the upwelling front 344
The increase of the total diatom concentration at site MD96-2098 around 38 kyr followed 345 the decrease in diatom production (Fig. 3a, c, d ) and the moderate increase of pelagic-346 oligotrophic taxa at site GeoB3606-1 around 44 kyr (Fig. 4) . The diverse community of 347 upwelling-related Chaetoceros spores also responded to the decreased availability of nutrients 348 in waters overlying site GeoB3606-1 and switched from the dominance of high-to moderate-349 productive water spores . The distinctive shift in the species composition -from an upwelling-dominated to a non-362 upwelling community (Fig. 4) -and the increase of CaCO 3 values (Fig. 3b) into the SE Atlantic Ocean. This transport might be an important step in initiating the frontal 384 breakdown along the southern BUS (Lutjeharms and Stockton, 1987) . Previous studies 385
showed that the entrance of warm waters through the Indian-Atlantic Ocean Gateway -weak 386 between late MIS 4 and late MIS 2 (Fig. 6a) -strongly influenced the hydrology of the 387 Paleoevolution of the filament front off Namibia -Romero et al. aridity of the Namibian desert -the main dust source area for the study area -and of the wind 407 strength in the neighboring Namibian upwelling ( Fig. 6c; Pichevin et al., 2005b) . The strong 408 match between windier conditions and the overall trend of highest diatom values at site 409 GeoB3606-1 from 65 kyr to 38 kyr is evidence of the trade wind effect on the diatom 410 production. Some mismatches between the SST record and the MD96-2087 wind record are 411 possibly due to different sampling resolution (lower at site MD96-2087) and stratigraphic 412 differences between both cores. Similarly, the increase of SST at both sites MD96-2087 and 413
-18-GeoB3606-1 (Fig. 6d, e) corresponds well the weakened trades intensity after 39 kyr (Fig. 6c,  414 arrow). 415
The cooling between 23 and 19 kyr (Fig. 6d, e) during the LGM, leading to high diatom production (Figs. 3a, 6g) . 423
The simultaneous warming recorded along 25º-26ºS during the last deglaciation (19-13 424 kyr) (Figs. 4e, 6d , e) provided a robust evidence for the shoreward retraction of the outermost 425 border of the filament and the enhanced stratification of the uppermost water column over a 426 large area off Lüderitz. This scenario is supported by the distinctive shift in the species 427 composition of the diatom assemblage from an upwelling-dominated to a non-upwelling 428 community over both study (Fig. 4) , and the increase of CaCO 3 -indicative of increased 429 calcareous productivity -values by the late MIS2 (Fig. 3b) -19-correspond with the time window covered by cores GeoB3606-1 and MD96-2098 (Fig. 6b) . 440
The interval of highest diatom values at site GeoB3606-1 between 68 kyr and 44 kyr match a 441 sea-level stand of 60-to-90 m lower than today. This lowering of the Namibian coastline 442 contributed to displace the filament front closer to site GeoB3606-1 (Fig. 5) , where upwelling 443 rapidly varied between silica-rich and silica-depleted stages (see below Section 5.2.3.). 444
The second interval of sea level low-stand started around 44 kyr with a two-step decrease 445 (Fig. 6b, arrows A and B) . This decrease was concurrent with the increase of SST at core 446 MD96-2087 (Fig. 6d) suggesting that the further lowering of sea level pushed the outermost 447 filament seaward. Despite the fact that SST data for core GeoB3606-1 have higher resolution 448 than those for the shallower MD96-2087, the overall pattern of temperature oscillations 449 matches well between both localities (Fig. 6d, changes during MIS 3 might not have followed systematic, repeating patterns. We do not 452 argue here that the millennial-to-submillennial SST variability at GeoB3606-1 fully followed 453 the rapid sea level variations, but rather that the timing of sea level fluctuations amplified the 454 intensity of upwelling determined by atmospheric and hydrological changes in the southern 455
BUS. 456
During the LGM low-stand (third sea level interval), the Namibian coastline position 457 lowered again by many tens of kilometers (Fig. 5) , which might have acted as an amplifier by 458 shifting the outermost front of the Lüderitz filament further out upon the pelagic realm. The 459 lowest sea level stand, that exposed large areas close to the coastal environment during the 460
LGM, did not compensate for the decrease induced by the reduced subsurface nutrient 461 concentration over site GeoB3606-1. 462
Because of the sea level change along the Namibian coast after the LGM (Fig. 6b) , it is 463 tempting to argue that the rise of sea level during the last deglaciation shifted the filament 464 front location closer to the Namibian coastline. Both study sites GeoB3606-1 and MD96-2098
Paleoevolution of the filament front off Namibia -Romero et al. Based on the knowledge that present-day productivity is at its highest at the filament front, 521
we reconstruct past variations of front location off Namibia. Multi-parameter lines of 522 evidences from this study suggest that several mechanisms and amplifiers determined the 523 extension/contraction of the upwelling filament and the geographical location of the diatom 524 production center off Lüderitz over the past 70 kyr. Atmospheric (wind intensity) and 525 hydrographic/physical variability (surface and thermocline waters, SST and surface 526 stratification, sea level stand), and nutrient supply (Si input) determined the settings for 527 upwelling intensity and diatom production off Lüderitz. These mechanisms and amplifiers 528 might have been linked and not been mutually exclusive. 529
The discussed mechanisms and amplifiers responsible for the strong diatom and SST 530 fluctuations imply that the one-dimensional view of upwelling dynamics (downward flux of 531 biogenic material from the surface balanced by upwelling of dissolved inorganic nutrients 532 driven by vertical mixing of the thermocline) does not necessarily apply to the Lüderitz 533 filament front. 534
The interpretation of the sedimentary signal as a record of regional conditions cannot be 535 extrapolated to the entire BUS. Although our various proxies agree on details of the 536 reconstructed sub-Milankovitch time scale variations, some ambiguities still remain to be 537 explained. In this regard, further advances concerning mechanisms and amplifiers discussed 538 here should be included in numerical modelizations of abrupt fluctuations of productivity and 539 SST changes in low-latitude coastal upwelling systems. In particular, the possible impact of 540 
